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I 

SPECIFICATION 

1. Title of the Utility Model 

A self -diagnosis and fail-safe device of a water 
temperature detection circuit in internal combustion engine. 

2. Claims for the Utility Model 

A self -diagnosis and fail-safe device of a water 
temperature detection circuit in an internal combustion engine 
comprising a water temperature sensor disposed so as to be 
opposed to an engine cooling water passage for generating an 
electric signal in accordance with a water temperature, and 
water temperature reading means for reading the water 
temperature in response to the signal from the water temperature 
sensor, the water temperature being detected to be utilized 
for various controls, and further comprising change amount 
calculating means for calculating a change amount per hour in 
the read water temperature, determining means for comparing 
the change amount with the spec i f i ed va lue to determine whether 
or not there is an abnormality, sel f - diagnos i s abnormality 
display means for displaying a s e 1 f - di agno s i s abnormality when 
there is an abnormality, and tentative water temperature 
setting means for setting a tentative water temperature based 
on the water temperature of the previous time when there is 
an abnormality and for sending the tentative water temperature 
to the control section. 
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3. Detailed Description of the Utility Model 
(Field of Industrial Application) 

The present utility model relates to a water temperature 
detection circuit for detecting an engine cooling water 
temperature (hereinafter, referred to as a water temperature) 
in an internal combustion engine, so as to execute various 
controls such as correction in f uel .inj ection amount based on 
the detected water temperature, and specifically, relates to 
a self -diagnosis and fail-safe device thereof. 

(Prior Art) 

Conventionally, in an internal combustion engine, a 
water temperature sensor utilizing a thermistor is provided 
on an engine cooling water path. A signal from the water 
temperature sensor based on the change in the 
temperature- resistance of the thermistor is input into a 
control unit incorporating a microcomputer, and the water 
temperature is detected by a water temperature detecting 
section constituted by a microcomputer . Based on the detected 
water temperature, a control section also constituted by the 
microcomputer executes various controls such as a correction 
in the fuel injection amount (see Japanese Unexamined Patent 
Publication No. 58-214629). 
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By the way, the water temperature detection circuit 
including this kind of the water temperature sensor has been 
conventionally provided with a sel f - di agno s i s device and a 
fail-safe device which are constituted by a .microcomputer in 
a software manner (see Japanese Unexamined Patent Publication 
No . 59- 107227 ) . 

Specifically, as is shown. in the flowchart of FIG. 4, 
the water temperature is read in response to the signal from 
the water temperature sensor (Fl). Then, it is determined 
whether or not the water temperature is — 30°C or lower or 
110°C or higher (F2, F3 ) . If the temperature is between — 
30°C and 110°C, the water temperature detective circuit is 
determined as being in a normal state and the water temperature 
detected by the water temperature detective circuit is utilized 
for various controls. Contrarily, if the temperature is — 
30°C or lower (the resistance of the thermistor is large) , the 
water temperature detective circuit is determined as being in 
an abnormal state such as disconnection. In this case, the 
water temperature is tentatively determined asbeing40°C (F4) . 
If the temperature is 110°C or higher (the resistance of the 
thermistor is small) , the water temperature detective circuit 
is determined as being in an abnormal state such as 
short-circuit. In this case, the water temperature is 
tentatively determined as being 110°C (F5), and various 
controls are executed based on the tentative water temperature 
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for fail-safe control. In either cases where the abnormal 
states have occurred, a s e 1 f - di agno s i s abnormality (NG) is 
di splayed ( F6 ) . 

(Problems to be solved by the Utility Model) 

However, in the s e 1 f - di agnos i s and fail-safe device 
of the conventional water temperature detective circuit, the 
self -diagnosis and fail-safe are not be executed until the 
circuit is completely disconnected or short-circuited. In the 
case where the circuit is partially disconnected, this partial 
disconnection cannot be detected and a fail-safe is not 
executed. As a result, there arises problem that an engine 
failure and the like occurs. 

For example, when the actual water temperature is 80°C 
and the thermistor of the water sensor is normal and its 
resistance value is 300 Q , if a partial disconnection has 
occurred and the resistance value is reduced to 2.5kQ, the 
water temperature is detected as 20°C. In this case, since 
the actual water temperature cannot be distinguished from 20°C, 
neither the NG is displayed nor the fail-safe is executed. 
Therefore, although the actual water temperature is 80°C, the 
water temperature is determined as 20°C and the fuel injection 
amount to be corrected based on the water temperature is 
corrected based on the correction value of 20°C. As a result, 
an engine failure and the like occurs. 
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Under the circumstances described above, an objective 
of the present utility model is to provide a s e 1 f - di agnos i s 
and fail-safe device of water temperature detection circuit 
capable of detecting even a partial disconnection of a water 
temperature detection circuit to enhance its s e 1 f - di agnos i s 
ability, and also capable of executing more accurate fail-safe 
control . 

(Means for solving the Problem) 

In order to achieve the foregoing objective, as shown 
in Fig. 1, there are provided water temperature reading means 
A for reading a water temperature based on a signal from a water 
temperature sensor 3, change amount calculating means B for 
calculating a change amount per hour in the read water 
temperature, determining means C for comparing the change 
amount with a specified value so as to determine whether or 
not there is an abnormality, s e 1 f - di agno s i s abnormality 
displaying means D for displaying a s e 1 f - di agno s i s abnormality 
when there is an abnormality, and tentative water temperature 
setting means E for setting a tentative water temperature based 
on the water temperature of the previous time when there is 
an abnormality and for outputting the tentative water 
temperature to the control section. 

( Operat ion ) 
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Specifically, in view of the fact that water temperature 
does not change for a short period of time (about 20°C/min at 
the maximum) , when the change in the water temperature per hour 
has exceeded a specified value, se 1 f - di agnos i s abnormality is 
displayed. Further, a tent at ive water temperature is set bated 
on the previous water temperature and is sent to a control 
section, and if necessary, the control section executes various 
controls based on the tentative water temperature. 

( Embodiment s ) 

Hereinafter, an embodiment of the present utility model 
will be described. 

FIG. 2 shows a hardware structure. 

A microcomputer in a control unit 1 is provided to 
control a fuel injection made by a fuel injection valve 12 
provided on an intake passage 11 in an engine 10. The fuel 
injection amount (a pulse width of the drive pulse signal) from 
the fuel injection valve 12 is calculated from the engine 
operation conditions in a control section formed inside the 
microcomputer 2 . When the fuel injection amount is calculated, 
the fuel injection amount is corrected based on the water 
temperature detected by a water temperature detective section 
also formed inside the microcomputer 2. 

In order to detect the water temperature to be used 
for such a fuel injection amount correction, a water temperature 
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sensor 3 composed of thermistor is provided against a cooling 
water passage (water jacket) in the engine 10. The terminal 
voltage of the water temperature sensor 3 based on the change 
in the t emper a t ur e - r e s i s t ance of the thermistor is input into 
the microcomputer 2 via an A/D converter 4 . 

The water temperature detective section in the 
microcomputer 2 is provided with, as shown in the flowchart 
of FIG. 3, functions as the water temperature reading means, 
change amount calculating means, determining means, 
self -diagnosis abnormality displaying means, and tentative 
water temperature setting means in a software manner. 

A description will be made along the flowchart of FIG. 
3. First, the water temperature Tw is readbasedon the terminal 
voltage at the water temperature sensor in SI. 

Next, in S2, a change amount of the water temperature 
Tw of this time against the water temperature Twl of the previous 
time which has been set at the previous time in S9 described 
later is calculated as follows: ATw="Tw— Twl ■ . 

Then, in S3, the change amount A Tw is compared with 
a specified value K (defining that a timer described later is 
set to lOsec, K= about 3.3°C), and it is determined whether the 
change amount A Tw is larger or smaller than the specified value 
K, that is, whether or not there is an abnormality. 

When the change amount A Tw is the specified value K 
or smaller, it is determined that there is no abnormality and 
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the process proceeds to SB. In S8, the read water temperature 
Tw is sent to the control section as it is, to correct the fuel 
injection amount based on the read water temperature Tw . 

After that, the water temperature Tw of this time is 
substituted into Twl in order to calculate the change amount 
of the next time in S9 , and atimeris set inSlO. When a specified 
time period has elapsed (for example, 10 sec) , the routine from 
SI and thereafter is executed again. 

When the change amount A Tw is determined in S3, if 
the change amount A Tw exceeds the specified value K, it is 
determined that there is an abnormality and the process proceeds 
to S4 where a sel f - diagnos i s NG is displayed. Specifically, 
a light emitting diode 5 for displaying a result of 
self -diagnosis lights in response to the output from the 
microcomputer 2 . 

Next, the process proceeds from S4 to S5 where it is 
determined whether or not Tw>Twl , that is, the change di rec t i on 
of the water temperature Tw is determined. If the change is 
in an increasing direction, the process proceeds to S6 where 
the specified value K is added to the water temperature Twl 
of the previous time to set a tentative water temperature Tw . 
If the change is in a decreasing direction, the process proceeds 
to S7 where the specified value K is subtracted from the water 
temperature Tw of the previous time to set a tentative water 
temperature Tw . After that, in either cases, the process 
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proceeds to S8 where the obtained tentative water temperature 
Tw is sent to the control section to correct the fuel injection 
amount based on the tentative water temperature Tw . 
Thereafter, in either cases, the process proceeds to S9 and 
S10 simultaneously in this order, and then the routine from 
SI and thereafter is executed again. 

As described above, if the change amount in the water 
temperature per hour exceeds the specified value, the 
self -diagnosis NG is displayed. As a result, the 

self -diagnosis ability is enhanced. 

In addition, if the change in the water temperature 
exceeds the spec i f ied value , the fail-safe control is executed 
in such a manner that the fuel injection amount is corrected 
based on the tentative water temperature which falls within 
the range of the specified value. Therefore, the control 
output never changes rapidly, thereby avoiding an engine 
failure such as engine stop as much as possible. 

The above embodiment has described only the case where 
the fuel injection amount is corrected based on a water 
temperature . However , it isamatterofcourset hat the present 
utility model is also applicable to the cases where the idle 
rotation speed control or ignition control are corrected based 
on a water temperature . However , it is not necessary to execute 
all the controls based on the tentative water temperature, and 
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alternatively, the correction based on a water temperature 
itself may be interrupted when an abnormality occurs. 

(Effect of the Utility Model) 

As described above, according to the present utility 
model, the se 1 f - diagnos i s ability of the water temperature 
detective circuit is enhanced, thereby enabling more accurate 
self -diagnosis , and in addition, a fail-safe control at the 
time when an abnormality occurs can be more accurately executed. 
As a result, there is an effect that an engine failure due to 
the rapid change in the control output is avoided. 

4 . Brief Description of the Drawings 

FIG. 1 is a functional block diagram showing a structure 
of the present utility model . FIG. 2 is a hardware structural 
diagram showing an embodiment of the present utility model. 
FIG. 3 is a flowchart showing details of the control executed 
in the embodiment of the present utility model. FIG. 4 is a 
flowchart of a conventional example. 

1: Control unit, 2: Microcomputer, 3: Water temperature 
sensor, 5 : Light emitting diode , 10: Engine, 12: Fuel injection 
valve, 13: Cooling water passage 

Utility model registration applicant 
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Nihon Denshi-kiki Co., 
Representative : Patent attorney Fujio Sasashima 
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(FIG. 1) 

1 : Water temperature sensor 

2 : Water temperature reading means 

3: Change amount calculating means 

4 : Determining means 

5: Self -diagnosis abnormality displaying means 

6: Tentative water temperature setting means 

7: To control section 

8 : Microcomputer 

( FIF . 3 ) 

1: Water temperature reading 

2: Self -diagnosis NG display 

3 : Output Tw 

4 : Timer 
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Date of Publication of Application: June, 25, 1986 

Int .CI. 4 
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Application Number: Sho-59-184323 
Application Date: December, 6, 1984 
Creator: Hideo Takahashi 
Appl icant : JEOL , Ltd 

Title of the Invention 

A SELF-DIAGNOSTIC AND FAIL-SAFE UNIT FOR WATER 
TEMPERATURE DETECTING CIRCUIT FOR INTERNAL COMBUSTION ENGINE 
Claim: 

A self -diagnostic and fail-safe unit for water 
temperature detecting circuit for internal combustion engine 
comprising : a water temperature sensor facing an engine cooling 
water passage for generating an electric signal corresponding 
to a water temperature; and water- temperature reading means 
for reading a water temperature based on the signal from the 
water temperature sensor, wherein a water temperature detecting 
circuit for internal combustion engine operative to detect a 
water temperature and to provide various control comprises: 
variation amount calculating means for calculating a 
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per-unit- time amount of variation of the read water temperature ; 
judging means for determining on the presence of abnormality 
by comparing the amount of temperature variation and a specified 
value; a self -diagnostic abnormality display means for 
conducting displaying of self -diagnostic abnormality in the 
event of abnormality; and dummy water temperature setting means 
for setting a dummy water temperature based on a preceding water 
temperature in the event of abnormality and outputting the set 
dummy water temperature to a control unit. 
Brief description of the Drawings 

Fig. 1 is a function block diagram showing an arrangement 
of the present device; Fig. 2 is a diagram showing a hardware 
configuration according to one embodiment of the device; Fig. 3 
is a flow chart representing the content of control according 
to the embodiment of the device ; and Fig . 4 is a flow chart showing 
a conventional example. 

1: CONTROL UNIT, 2 : MICROCOMPUTER, 3 : WATER TEMPERATURE SENSOR , 
5: LIGHT EMITTING DIODE, 10: ENGINE, 12: FUEL INJECTOR VALVE, 
13 : COOLING WATER PASSAGE 

FIG. 1 

3 : WATER TEMPERATURE SENSOR 

A: WATER TEMPERATURE READING MEANS 

B: VARIATION AMOUNT CALCULATING MEANS 

C: JUDGING MEANS 
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D: SELF-DIAGNOSIS/ABNORMALITY INDICATION MEANS 
E: DUMMY WATER TEMPERATURE SETTING MEANS 
TO CONTROL UNIT 
FIG. 2 

2 : MICRO COMPUTER 
FIG. 3 

SI : READ WATER TEMPERATURE 

S4 : SELF DIAGNOSE AND NG INDICATION 

S8 : OUTPUT Tw 

S10: TIMER 

FIG. 4 

Fl : READ WATER TEMPERATURE 

F6 : SELF DIAGNOSE AND NG INDICATION 
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JP-U-61 -099650 teaches a self-diagnosis and fail-safe apparatus for an engine 
coolant temperature detecting circuit. Each time coolant temperature is 
detected, a change of temperature in a unit time is calculated and compared with 
a reference value. If the calculated temperature change is abnormal, 
abnormality is indicated, and the previously detected temperature is used for 
various controls. 



JP-U-02-050043 teaches a coolant temperature sensor diagnosis apparatus. 
When a predetermined time passes after an engine is started, a coolant 
temperature is detected and compared with a reference temperature, which is 
predetermined as a lowest limit which the coolant temperature should attain. If 
the detected temperature is lower than the reference temperature, a coolant 
temperature sensor is determined as abnormal. 



JP-U-02-072343 teaches a coolant temperature detecting apparatus. When an 
engine coolant temperature is detected as being abnormal, the coolant 
temperature is estimated as increasing based on the time of operation of the 
engine after being started, and used in place of the detected temperature. 
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